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Abstract. Agronomic differences be-
tween endophyte- (Acremonium 
coenophia!um Morgan Jones and 
Gams) free and endophyte-infected 
tall fescue (Festuca arundinacea 
Introduction 
Schreb.) exist, and should be consid-
ered when implementing a manage-
ment strategy. Although dry matter 
yield of tall fescue does not generally 
appear to be influenced by endo-
phyte infection status, endophyte in-
fection has been shown to improve 
seedling performance and survival, is 
associated with insect and nematode 
resistance, drought resistance, im-
proved nitrogen assimilation, and 
higher seed set. Considering all bio-
logically valuable characters of the 
endophyte-tall fescue relationship, 
survival of endophyte-infected tall 
fescue is probably better than that of 
endophyte-free tall fescue, especially 
in drought- or heat-stressed environ-
ments. Despite problems wh ich 
growers have reported in establishing 
stand; of endophyte-free tall fescue 
varieties, there is still a decided ad-
vantage to seeding endophyte-free 
tall fescue because of improved live-
stock performance. However, greater 
attention to management is needed, 
particularly during the establishment 
year. Good seedbed preparation, in-
cluding fertility improvements, 
should be stressed for endophyte-free 
tall fescue. Since endophyte-free tall 
fescue seedlings are not as vigorous 
as endophyte-infected tall fescue 
seedlings, using other grasses as 
nurse crops, or seeding with clovers, 
is not recommended when estab-
lishing new stands. Environmental or 
imposed stress on newly established 
endophyte-free tall fescue stands 
should be avoided by selecting op-
timum planting dates, and limiting 
livestock access. Top growth should 
not be grazed or clipped shorter than 
3-4 in. (7-10 em) during the first 
year of growth. 
Since the release of "Kentucky 31" tall fescue 
(Festuca arundinacea Schreb.) in 1943 (Fergus and 
Buckner, 1972), tall fescue has become the most 
widely grown cool-season forage grass in the south-
eastern quarter of the U.S.A., occupying an esti-
mated 35 million A (14 million ha) (Buckner and 
Bush, 1979). The rapid and extensive adoption of 
this species was due to its agronomic character-
istics, including ease of establishment, a long 
grazing season, tolerance of low management 
inputs, and broad adaptation to soil types and geo-
graphic areas (Bums and Chamblee, 1979). Live-
stock productivity on this species, however, has 
often been unexplaipably poor. The cause of this 
poor livestock performance has been discovered 
recently, and is due to the infection of tall fescue 
with an endophytic fungus, Acremonium coeno-
phialum Morgan-Jones and Gams (Bacon et aI., 
1977). 
The high productivity of livestock grazing endo-
phyte-free tall fescue compared to endophyte-in-
fected tall fescue is well documented (Stuedemann 
and Hoveland, 1988). However, the agronomic dif-
ferences between endophyte-free and endophyte-
infected tall fescue are not completely or widely 
understood. Such differences do exist, and al-
though management decisions may not be based' 
solely on these differences, current knowledge 
about them should be considered when imple-
menting a management strategy for tall fescue. 
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Most tall fescue pastures established prior to 
1987 are endophyte-infected (Shelby and Dalrym-
ple, 1987). The source of endophyte infection for 
these pastures was probably the original collection 
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Endophyte-Free and Endophyte-Infected 'Th1l Fescue 
Table 1. Forage quality of endophyte-infected and endo-
phyte-free field-grown Kentucky 31 tall fescue 
Crude 
IVDMD NDF ADF Protein 
(%) (%) (%) (%) 
Kentucky 31 ( + )" 
Kentucky 31 ( - ) 
57 
57 
64 
6S 
32 
32 
• ( +) - endophyte-infected and ( -) .. endophyte-free. 
17 
16 
Adapted from Carlson and Umbaugh, 1988: and Bush and Burrus, 1988. 
Table 2. lbtal seasonal yield of endophyte-infected and 
endophyte-free Kentucky 31 tall fescue in the field (toni 
Alyr'f 
Thllassee, Lexington, Ames, 
AL KY IA 
1978-1980 1983-1986 1988 
Kentucky 31 ( + )b 4.2 2.9 3.3 
Kentucky 31 ( - ) 4.3 2.9 3.3 
• T/A x 2.7S '"' tIba. 
b ( +) .. endophyte-infected and ( -) = endophyte-free. 
Adapted from Pedersen et a1., 1982; Burrus at a1.,.I987; and Carlson and 
Umbaugh, 1988. 
site of Kentucky 31, since seed coHected from that 
site were highly endophyte-infected. However, 
most currently marketed forage tall fescue·cultivars 
are endophyte-free. If elimination of the endophyte 
results in agronomic characteristics different from 
those which have caused tall fescue to become the 
most widely grown forage grass in the U.S.A., it 
could greatly impact the value of the species. 
Forage Quality and Quantity 
Although endophyte infection of tall fescue affects 
grazing animal performance, it does not appear to 
affect forage quality as measured by conventional 
nutritive indices. Endophyte status did not affect in 
vitro dry matter disappearance (Carlson and Um-
baugh, 1988), neutral detergent fibet, aeidoetergent 
fiber, or crude protein (Bush and Burrus, 1988) in-
field grown samples of Kentucky 31 ('Th.ble 1). Lab-
oratory assessments of tall fescue forage quality, 
reganUess of endophyte status, are comparable to 
many other cool-season perennial grasses.' In vitro 
dry matter disappearance is comparable to that of 
orchardirass (Dactylis g~omerata L.) (Carlson and 
Umbaugh, 1988). Crude protein content iscompa-
rable to smooth brome (Bromus inermis Lyss.), or-
chardgrass, and reed canarygrass (Phalaris arun-
dinaceaL.) (Johnson and Nichols. 1969). 
In general, dry matter yield of tall fescue does 
not ap~, to ,be . influenced by the endophyte infec-
tionstatus (Bumis et al., 1987; Carlson and' Um-
'I 
189 
Table 3. Seedling yield of endophyte-infected and endo-
phyte-free Kentucky 31 and Georgia 1esup in the field 
(lb/A'f 
1987 
Kentucky 31 ( + )b 316 
Kentucky 31 ( - ) 185 
Georgia Jesup ( + ) 422 
Georgia Jesup (-) 279 
• IblA x 1.1 = k&/ha. 
b ( +) = endoph~infected and ( -) .. endophyte-free. 
Adapted from Pedersen and Burrus, 1989. 
1988 
440 
274 
603 
364 
baugh, 1988; Pedersen et al., 1982) ('Th.ble 2). How-
ever, as will be described later, tall fescue dry 
matter yields are enhanced by endophyte infection 
under certain conditions. 
Biological Value of 
Endophyte Relationship 
Endophyte infection status can' affect seedling 
growth. In a growth chamber study (Clay, 1987), 
endophyte-infected tall fescue had higher germina-
tion rates than endophyte-free seeds at 4 through 22 
days post seeding, and greater tiller number and 
dry weight at 10 and 14 weeks postseeding. More 
recent field data has confrrmed that endophyte in-
fection improves seedling performance. Pedersen 
and Burrus (1989) showed that two endophyte-in-
fected tall fescue lines had nearly doubled the dry 
matter yields at three-months postseeding than the 
same lines when endophyte-free (Thble 3). How-
ever, other endophyte-free lines had dry matter 
yields equal to or greater than either of the endo-
phyte-infected lines in that study. 
Endophyte infection status may also affect seed-
ling survival. In a sod seeding experiment, endo-
phyte-infected tall fescue had twice the number of 
surviving plants, compared to endophyte-free 
plants of the same genetic line, four months after 
seeding (Bouton and Burton, 1988). Although in-
sufficient evidence was presented to establish a 
cause and effect relationship, it was observed that 
seedlings of the endophyte-free tall fescue had been 
defoliated by an unidentified insect. 
Insect resistance due to endophyte infection in . 
tall fescue has not yet been well documented in the 
field. However, the lack of insect damage in endo-
phyte-infected tall fescue in the field, and endo-
phyte-induced. insect resistance in the laboratory, 
suggests such a relationship (Bacon and Siegel, 
1988). Endophyte-induced insect resistance has 
been documented in the laboratory or the green-
house for the fall armyworm (Spodoptera frugi~ 
190 
Table 4~ Effect of endophyte infection of Kentucky 31 on 
) soil nematode populations in the field (number/tOO cc 
soil) 
Pratylencllus TylenchorJtynchus 
Kentucky 31 ( + >" 
Kentucky 31 ( -:) 
2 
224 
• ( +? = endophyte-infected and ( -) = endophyte-free. 
AdaPted from West et aI., 1988. 
76 
306 
perda J.E. Smith) (Clay et al., 1985), Argentine 
stem weevil (Listronolus bonariensis Kuschell) 
(Barker et al., ·1983), oat bird cherry aphid (Rhopa-
losiphym padiL.). greenbug(Schizaphis graminum 
Rondani) , and laigemilkweed bug (Oncopeltu~ fa-
sciatus Dallas) (Siegelet al., 1985). If increased in-
sect susceptibility is a characteristic of eooophyte-
free tall fescue, the greatest damage may occur on 
seedlings in no-till or sod seeding situations. 
The presence of plant p8rasitic nematodes has 
been associated with decreased stand persistence in 
tall fescue, presumably due to root pruning and in-
creased drought susceptibili~y. Hopolaimus ga-
leatus (Cobb) Thome, Teienc/kJrhynchus claytonia 
Steiner, and Paratricliodorus christiei (Allen) were 
identified as potentially damaging species at a 
single site in Alabama'(Hoveland et aI., 1975). 
Nematode surveys of ma~y tall fescue pastures 
throughout Alabama added Helicotylenchus spp. 
and Xiphinema spp. to the list of nematooes poten~ 
tially damaaing to tall fescue (Pedersen ,and Rodri-
guez-Kahana, 1984)~Oreenhouse studies showed 
that endophyte infection. in ta1l'fesc~imparted·re­
sistance to Helicotylenchus. spp.aDd Paratricho-
dorus spp. (Pedersen etal., 1988). Recent field re-
search bas verified endoph~-induced· nematode 
resistance in tall fescue .. Significantly fewer Praty-
lenchus scribneriSteiner and Tylenchorhynchus 
aculus Allen were found in endophyte-infected 
than endophyte-free tail fescue in Arkansas (Thble 
4) (Westet al., 1988). 
Endophyte infection has also been' associated 
with morphologic8l and physiological drought resis-
tance me(fhanisms in tall fescue. Endophyte infec-
tion was shown to decrease stomatal aperture and 
decrease gas exchange in tall fescue clones. It was 
supested that these factor~ Cpuld~ntribute ~ 
drouItlt~siStance (JlCleskyet aI., 1987). A recent 
greenlWUse study has conf'lI'medthe. above' on a 
limited gene base (Arachevaleta ~t at~ J989). In ~ 
single clonal line,} JOO%mendophyt~-infeCted . 
plants survived 4OdaY$ . Of 'severe <lra.t· stress, 
while only 25% of endophyte-free plants sUrvived. 
Under moderate drought stress the same plants 
1.F.Pedersen et aI. 
TableS. Effect of endophyte infection of'Kentucky 31 on 
evaporative cooling of the canopy and dry matter yield in 
the flCld 
Kentucky 31 (+ >" 
Kentucky 31 (-) 
• OP = 1.8 x "C + 32. 
61b/A x 1.1 = kWba. 
Evaporative 
cooling 
"e" 
-0.2 
0.8 
c ( +) = endophyte-infected and ( -) = endophyte-free. 
Adapted from West e.t al .. , 1988 •. 
Yield 
IblAb 
892 
811 ,. 
were observed to exhibit leaf roll when endophyte-
infected, but not when en40phyte-free. The endo-·· 
phyte-infected plants were also observed to have 
thicker, narrower leaves, which would present less 
surface area for evaporation. In the Arkansas study 
(West et al.,' 1988), decreased evapOrative cooling 
and increased dry matter yields were assOCiated 
with eDdophyte infection of tall fescue in the field 
(Thble 5), especially under drought conditions. 
Two. other areas of the endophyte-tall fescue re-
lationship show potential biological value, but have 
not been adequately confirmed in the field to date. 
First, nitrogen assimilation has been demonstrated 
to be mo~ efficient. ill endophyte-infected plants 
(Bacon etal., 1986; Lyons et .al.,.I986). Inc)"Cased 
yield response to nitrogen fertilization associated 
with endophyte infection has been observed in a 
single clone in the greenhouse (Archevaleta et al., 
1989), but extrapolation to heterogeneous popula-
tions in the field is premature. 
Secondly, differential seed set in endophyte-in-
fected vs. endophyte-free tall fescue has been docu-
mented in the field at one location in Louisiana. 
Endophyte-infected Kentucky 31 had 44% fdled 
seeds while endophyte-free Kentucky 31 had 19% 
ftlled seeds (Clay.' 1987). If this reSponse to endo-
ph~'infection occurs in mixed PopUlations (endo-
phyte-infected and endophyte-free pJants) , and if 
natural·re5eedini is significant;gradUal shifts. in en-
dOphYteinfecti~n levels could occur within a popu~ . 
lation. ~.. '.,.> 
When all biologicallyvaluabte (to tall fescue) 
characteristics ,of the endophyte-tall fescue· rela-
tionship. are' ·consider¢d jointly, . improved. survival· 
ofendopbyte-infeCtc(ftall fescue is probable/esPe-
cially in drought ot heafstressed environments~'In 
environments where tall fescue is wen·adapted,dff.· 
ferences in stand survival·may ftOt:occur (1l1bi~ 6) 
(BtlrrUset al., 1987). Ho.ever;>ai leaSt thtie field 
studies at droughty: 1Qp···tesftj)erature sites. outside ; 
of the normal area: of adaptation oftaJlfescue have 
provided evidence of improve4tal1~escuestand 
Endophyte-Free and Endophyte-Infected Thll Fescue 
Table 6. Effect of endophyte infection of Kentucky 31 
and Georgia 5 tall fescue on stand persistence in the field 
'Years' PQst seeding 
(% Basal ground cover) 
In Kentucky 
Kentucky 31 (+)" 
Kentucky 31 (-) 
In Louisiana 
Kentucky 31 ( + ) 98 
Kentucky 31 (-) 88 
Georgia 5 ( + ) 94 
Georgia 5 ( - ) 72 
• ( +) = endophyte-infected and ( -) = endophyte-free. 
Adapted from loost, 1988; and Burrus et aI., 1987. 
2 
85 
90 
82 
73 
89 
48 
survival due to endophyte infection. At Americus, 
in south Georgia, nearly all plants of endophyte-
free lines died by the end of the first year of produc-
tion, while endophyte-infected lines still exhibited 
good stands (Bouton and Burton, 1988). Near 
Baton Rouge, Louisiana, basal ground cover of en-
dophyte-free lines decreased more rapidly than the 
same endophyte-infected lines (Table 6) (Joost, 
1988). Near Dallas, Texas, endophyte-infected 
Kenhy persisted under pasture conditions, while 
endophyte-free Kenhy suffered severe stand loss in 
three years (Read and Camp, 1986). 
Establishing New Pastures 
Despite biological advantages associated with en-
dophyte infection in tall fescue, and numerous 
farmer-reported endophyte-free tall fescue estab-
lishment failures, it can still make good sense to uti-
lize endophyte-free tall fescue in new seedings. 
When endophyte-free tall fescue is used, grazing 
livestock performance is greatly improved, and 
greater profits should follow. However, greater at-
tention to management is needed, especially during 
stand establishment. The primary steps involved in 
conversion from endophyte-infected to endophyte-
free tall fescue pastures are (1) destroy the old 
stand, (2) prepare the ,seedbed, (3) plant seed of an 
endophyte-free variety, (4) restrict grazing of seed-
lings, (5) do not allow heavy utilization until after 
one year. 
Destruction of a stand of endophyte-infected tall 
fescuer if present, must be complete' arid must be 
accomplished sufficiently in advance ofreestablisb-
ment to, prevent contamination by endophyte~in­
fected volunteer seedlings. Reestablishment should 
191 
not be attempted where seedheads were not pre-
vented from forming during the preceding 12 
months (Fribourg et al., 1988). Either cultural or 
chemical destruction of an existing endophyte-in-
fected stand can be effective. 
Where possible, the best way to destroy an old 
tall fescue field is to grow a crop such as com (Zea 
mays L.) in that field for one to two years. If an 
early maturing variety is used, the crop can be har-
vested prior to tall fescue seeding, providing cash 
return for the field that year. Since it is usually dif-
ficult to kill all of the tall fescue with tillage alone, 
some chemical control of the tall fescue is often 
necessary in either conventional or no-tillage rota-
tion systems. However, care must be exercised in 
herbicide selection to minimize toxic residue at the 
time of reseeding (Lacefield and Evans, 1986). In 
no-tillage com rotations Gramoxone Super (1,1' -di-
methyl-4,4'-bipyridinium ion) or Roundup [N-
(phosphonomethyl)glycine] are recommended for 
control of the tall fescue sod (Green and Martin, 
1987). 
Where the planting of row crops is not feasible 
because of erosion hazard, or other factors, chem-
ical kill of endophyte-infected tall fescue followed 
by no-till seeding of endophyte-free tall fescue can 
be effective. Complete destruction of the endo-
phyte-infected stand may be difficult to obtain. For 
best results, the endophyte-infected tall fescue 
must be actively growing. Complete coverage of 
the tall fescue is essential, so spray equipment must 
be adjusted so that spray will overlap above the top 
of the vegetation. Roundup should be applied in the 
fall at least seven days before reseeding when tall 
fescue is 4-8 in. (10-20 cm) tall. Gramoxone Super 
should be applied as two separate applications. The 
first application should be made when tall fescue is 
no more than 4 in. (10 cm) tall. The second applica-
tion should be applied to regrowth, usually 10-21 
days after the first application. Reseeding should 
not be initiated if any green vegetation is present 
(Green and Martin, 1987). 
Seeding operations must ensure good seed to soil 
contact, and must allow placement of the endo-
phyte-free tall fescue seed '14 to '12 in. (6-13 mm) 
deep. This is critical in no-tillage establishment, as 
well as conventional tillage establishment. Good 
seedbed preparation should be stressed for endo-
phyte-free tall fescue establishment because of the 
slower 'growth of seedlings when compared to en-
dophyte-infected tall fescue. Although good 
seedbed preparation may be one of the simplest 
management requirements for successful establish-
ment of endophyte-free tall fescue, failure to pre" 
192 
Table 7. Characteristics of taIl fescue cultivars 
Cultivar 
Kentucky 31 
Kenhy 
Forager 
AU 1liumph 
Johnstone 
Martin 
Mozark 
Safe 
Selection criteria 
Good fall growth 
Vigor, soft lax leaves, high forage moisture 
during drought stress 
High herbage yield, vigor, good persistence 
High winter yield, open sod, erect growth 
Low perloline, improved succulence and 
digestibility during summer 
High seed and herbage yield, high magnesium 
content 
High seed and herbage yield, good animal 
performance 
Vigorous seedlings and mature plants, pasture 
quality, drought tolerance, winter 
hardiness, and disease resistance 
Adapted from Pedersen and Sieper, 1988. 
pare adequate seedbeds, combined with poor soil 
moisture conditions, appear to be responsible for 
many of the reported establishment failures. Ferti-
lizing and liming to soil test recommendations prior 
to seeding is also essential. Many old pasture sites 
are low in fertility and could result in poor seedling 
growth. 
Selection of an endophyte-free tall fescue cul-
tivar should be based on the characteristics of the 
variety (Thble 7), and performance data for the re-
gion in which it is to be established. To date, few 
endophyte-free cultivars have been developed from 
endophyte-free genetic stock. Most were selected 
when endophyte-infected, and the endophyte was 
subsequently eliminated from seed stocks (Pe-
dersen and SIeper, 1988). Since we now recognize 
that endophyte infection (or lack of it) affects tall 
fescue performance, any performance data must be 
verified as being for the cultivar in the endophyte-
free condition. 
Select endophyte-free seed, or seed with the 
lowest possible endophyte infection level. Based on 
many of the factors discussed in the biological 
value section above, endophyte-infected tall fescue 
plants would appear to have a competitive advan-
tage over endophyte-free plants in a mixed popula-
tion. In fact, 10 years of data from research pas-
tures in Alabama indicate that endophyte-free pas-
tures tend to remain endophyte-free, but that 
moderately infected pastures tend to increase in en-
dophyte infection over time, at a rate of approxi-
mately 2% per year (Shelby and Dalrymple,'1988). 
Environmental or imposed stress on newly· es-
tablishedendophyte-free tall fescue· stands should 
be avoicled. Assllming that adequate moisture is 
present,endophyte-free tall fescue should be 
seeded as early in the fall as possible to allow max-
J.P. Pedersen et aI. 
imum growth before winter. Spring seeding can be 
successful in some areas, but the risk of summer 
drought and substantial weed competition is high. 
Spring seeding in the extreme southern portion of 
fescue range of adaptation should be avoided. Once 
established, livestock access should be limited. 
Whether cut or grazed, defoliation during the fIrst 
year of growth should leave at least a 3:"'4 in. (7-10 
cm) stubble. 
Interseeding legumes with tall fescue at planting, 
or into existing tall fescue sods, has been recom-
mended for some time to improve animal perfor-
mance ('Iaylor et al., 1979). Although interseeding 
legumes into established endophyte-free tall fescue 
pastures is still a good management practice, it in-
volves some risk if clover is planted with endo-
phyte-free tall fescue during establishment. Since 
endophyte-free tall fescue seedlings may grow 
more slowly than endophyte-infected tall fescue, 
decreased competitive ability of the tall fescue is 
likely. In pastures seeded in Tennessee, clover in-
creased and tall fescue decreased over time for en-
dophyte-free tall fescue, while tall fescue increased 
and clover decreased over time for endophyte-in-
fected tall fescue (Fribourg and McLaren, 1987). 
For similar reasons, seeding endophyte-free tall 
fescue with "nurse-crops" such as annual ryegrass 
(Lolium multiflorum Lam.) or small grains is not 
recommended. 
Pasture Management 
Few failures of mature endophyte-free tall fescue 
pastures have been reported. However, based on 
the reports of decreased drought tolerance and po-
tential reduced pest resistance, it appears wise to 
avoid imposing stress on such pastures by over-
grazing. Cattle should be allowed to graze the pas-
tures no closer than 3-4 in. (7-10 cm) and un-
grazed pastures should be harvested as hay. Added 
attention should be given to monitoring pasture 
condition since it is a commonly held belief that 
cattle will more readily consume endophyte::free 
tall fescue. Periodic soil testing should be done and 
fertility maintained accordingly. Ove1:grazing 
. should be avoided, especially when· approaching 
the. hot, dry summer season (Pedersen and Lace-
fIeld, 1989). 
Economics of Replacing Endophyte-
Infected Pastures 
Where new pastures are being establishedjthe dif-
ference in cost between establishing endophyte-in-. 
• 
Endophyte-Free and Endophyte-Infected Thll Fescue 
Table 8. Cost of replacing an endophyte-infected tall 
fescue pasture with endophyte-free tall fescue 
Item 
Endophyte-free tall fescue seed 
Herbicide 
Equipment 
Fertilizer 
Lime 
Total 
• Costlha = CostlA x 2.47. 
Adapted from Bums, 1987. 
Cost/A" 
$20 
20 
18 
25 
20 
$103 
feeted tall fescue and endophyte-free tall fescue is . 
the cost of the seed. Currently, common tall fescue 
(assumed to be endophyte-infected) is retailing at 
$O.70/lb ($1.54Ikg). Endophyte-free varieties aver-
age about $1.25/lb. If seeding rate is 20 Ib/A (22 
kg/ha), the increased cost for establishing endo-
phyte-free tall fescue is about $ll1A ($27Iha). 
Where old pastures .are being replaced, cost is 
much more difficult to estimate because of nu-
merous variables. An estimate of$103/A was calcu-
lated (Thble 8) using data for no-till chemical-kill re-
placement in Tennessee (Burns, 1987). Other cost 
estimates for pasture replacement with endophyte-
free tall fescue range from $70 to $150/A (llimble, 
1986). 
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